Objective: To evaluate the evidence for prenatal corticosteroid use in low-and middle-income countries and to make recommendations regarding implementation and further research. Methods: Studies and metaanalyses on prenatal corticosteroids relevant to low-and middle-income countries were identified and reviewed at the Maternal and Child Health Integrated Project (MCHIP) Antenatal Corticosteroid Conference held in Washington on October 19, 2010. Results: There is strong evidence regarding the effectiveness of prenatal corticosteroid use in hospitals in high-and middle-income countries, usually in settings with high-level newborn care. For births occurring in hospitals in low-income countries without high-level neonatal care or for births outside hospitals, no studies have been conducted to evaluate prenatal corticosteroid use. The efficacy and safety of prenatal corticosteroid use in these settings must be evaluated. Conclusions: The conference working group recommended expanding the use of prenatal corticosteroids in hospitals with high-level newborn care in low-income countries. For other low-income country settings, further research regarding efficacy and safety should precede the widespread introduction of prenatal corticosteroids.
The administration of prenatal corticosteroids occurs routinely in HICs for women at risk of delivering preterm infants at less than 34 weeks, in order to improve maturation of the lungs and other organs. This therapy-generally, a suspension of betamethasone phosphate plus betamethasone acetate or dexamethasone-is administered via 2-4 injections in a 48-hour period within 1 week of delivery. The original report on the use of prenatal corticosteroids to improve newborn outcome was by Liggins and Howie in 1972 [6] . More than 20 subsequent randomized controlled trials were summarized in a comprehensive meta-analysis in 1995 and updated in 2006 [7, 8] . The primary benefits to infants whose mothers receive prenatal corticosteroids at least 12 hours before delivery are decreases in RDS, intraventricular hemorrhage (IVH), and neonatal mortality. Prenatal corticosteroid use has no contraindications, other than clinical chorioamnionitis (imminent delivery is sometimes listed as a contraindication, not because of potential harm but because of lack of efficacy) [9] . The use of prenatal corticosteroids at 34-38 weeks has also been studied but it has a less clear role in improving neonatal outcome. In HICs, where high-level perinatal care can be provided to the mother and the infant, nearly 90% of women at risk of preterm birth at b34 weeks receive this therapy [10] .
Prenatal corticosteroids are inconsistently used in LMICs. Evidence highlighted in the present paper will show that, across LMICs, prenatal corticosteroid coverage for at-risk women is likely to be less than 10%. One meta-analysis indicated that the benefits of prenatal corticosteroids may be similar in middle-income countries (MICs) and HICs [11] . Few, if any, studies have evaluated prenatal corticosteroid efficacy or safety in low-income country (LIC) settings, specifically among deliveries for which advanced maternal and infant care is unavailable.
On October 19, 2010, the US Agency for International Development (USAID)'s Maternal and Child Health Integrated Project (MCHIP), Save the Children, the National Institute of Child Health and Human Development (NICHD)'s Global Network for Women's and Children's Health Research, Research Triangle Institute, and other organizations convened a meeting to review the evidence for use of prenatal corticosteroids in LMICs in Washington, USA. Specifically, the meeting aimed to review the evidence of improved newborn outcomes through the use of prenatal corticosteroids, and the approaches needed to increase the use and coverage of this intervention in LMICs. In addition, it sought to identify key research gaps, program-monitoring and evaluation indicators, and potential for programmatic implementation in LMICs.
Prenatal corticosteroid use in high-income countries
The general consensus, based on studies from HICs, is that prenatal corticosteroids are effective at decreasing neonatal mortality in infants born at 24-34 weeks [8, 9, [12] [13] [14] . A meta-analysis of 21 clinical trials concluded that prenatal corticosteroids were effective at reducing neonatal mortality (relative risk [RR] 0.69; 95% confidence interval [CI], 0.58-0.81) and RDS (RR 0.66; 95% CI, 0.59-0.73) among all races, in infants of both sexes, at 31-34 weeks, as well as before 31 weeks and possibly after 34 weeks [8] . Prenatal corticosteroids also decreased IVH in infants at 24-31 weeks of gestation, in infants treated with tocolytics, and in infants with severe RDS. In addition, compared with placebo treatment, prenatal corticosteroid administration was not associated with an increased risk of maternal or neonatal infection when given either with intact membranes or with premature rupture of membranes [8] . Furthermore, studies evaluating the long-term outcomes of children exposed to prenatal corticosteroids found no associated negative effects [4] . The National Institute of Health Consensus Panel concluded that the benefits of any prenatal corticosteroid therapy to fetuses at risk of preterm delivery in HICs vastly outweigh the potential risks [15] . Benefits include not only a reduction in the risk of RDS but also a substantial reduction in neonatal mortality and IVH [16, 17] . The use of prenatal corticosteroids, specifically betamethasone, is among the best-studied interventions in perinatal and neonatal medicine.
Despite widespread agreement in HICs regarding the benefits of prenatal corticosteroid use at 24-33 weeks, several questions remain. For example, as the survival of infants born at early gestational ages has increased, questions regarding the efficacy of the intervention at 22 and 23 weeks have been raised [18] . Similarly, because there is growing evidence of increased respiratory distress and other adverse outcomes among infants born at 34-38 weeks compared with those born at 39 and 40 weeks, the potential for prenatal corticosteroid use among women expecting delivery at 34-38 weeks is being queried [19] . For women undergoing elective cesarean at 34 weeks or later, there is also emerging evidence that prenatal corticosteroid use may reduce post-delivery neonatal respiratory distress [20] . Finally, there remain questions about the most efficacious prenatal corticosteroid preparation [21] . Several studies indicate that betamethasone may be more efficacious than dexamethasone, in addition to potentially having fewer adverse effects, and that the suspension of betamethasone phosphate and betamethasone acetate may be more efficacious than other betamethasone preparations [8] .
Prenatal corticosteroids in low-and middle-income countries
Few studies have evaluated the use of prenatal corticosteroids in LMICs. In Southeast Asia, the administration of prenatal corticosteroids to women at less than 34 weeks varied widely between countries (from 9% to 73%), and within these countries appropriate usage varied widely between hospitals (from 0% to 86%) [22] . Of interest, dexamethasone was the only type of prenatal corticosteroid used in the participating countries. In another review of LMIC prenatal corticosteroid studies, the highest rates of use were in MICs, where up to 30% of eligible women may receive prenatal corticosteroids [11] . However, in many areas of Africa, less than 5% of eligible pregnant women receive prenatal corticosteroids, and in many areas this treatment is not available at all [23] .
Four trials to evaluate efficacy were conducted in MIC hospitals at which neonatal support was generally available [24] [25] [26] [27] (Table 1) . The efficacy was similar to that reported in HIC studies. A recent meta-analysis noted that the reduction in neonatal mortality associated with prenatal corticosteroid use varied according to baseline mortality rate, with a larger reduction in MICs-where there were higher mortality rates-than in HICs [11] . There was a notable absence of comparable studies from LICs. a Meta-analysis of relative risk [11] .
As noted, prenatal corticosteroids have been established as being beneficial to women who are at risk of preterm delivery at 24-33 weeks. However, in the absence of ultrasound, determining accurate gestational age and, therefore, who to treat with corticosteroids is an important issue to consider in LMICs, where many women receive only minimal prenatal care [28] . In these areas, there will likely be over-treatment of women who deliver at term and undertreatment of those who deliver prematurely, which could not only waste limited resources but also be associated with increased risk. Thus, the overall mortality and morbidity rates associated with prenatal corticosteroid use may be different from that in HICs.
Another consideration is that the studies of prenatal corticosteroid use in HICs were nearly all performed in hospitals with a high level of newborn care (which may be defined as the ability to maintain adequate temperature; to provide nutritional support; and to give antibiotics, oxygen, and neonatal respiratory support to the level of continuous positive airway pressure), and most often with newborn intensive care available. Thus, evidence of prenatal corticosteroid effectiveness is available only for those types of setting. In LMICs, in the absence of high-level neonatal care, a potential outcome is that the use of prenatal corticosteroids would lead to a reduction in neonatal mortality as a result of decreases in the incidences of RDS and IVH-similar to the effects in HICs. Furthermore, lung maturation induced by prenatal corticosteroids may be more crucial in LMICs than in HICs with regard to the survival of moderately preterm infants or even early term infants, whereas there may be fewer benefits for the most preterm infants in LMICs-where high-level neonatal care may be lacking. The higher prevalence of mortality among moderately preterm infants compared with extremely preterm infants may lead to a larger proportion of lives saved in LMICs than in HICs as a result of prenatal corticosteroid use.
However, there is concern that, even if deliveries occur in a hospital, prenatal corticosteroid treatment in the absence of high-level neonatal and obstetric care could worsen some maternal and neonatal outcomes. For example, corticosteroids used for other indications decrease immune function and increase susceptibility to a variety of infections. In many LMICs, the infectious disease burden is higher and the level of antiseptic precautions is lower than in HICs. In these settings, prenatal corticosteroids may increase susceptibility to acute bacterial infections and may lead to higher maternal and neonatal case fatality rates. In addition, the effect of prenatal corticosteroids on prevalent chronic maternal infectious conditions in LICs (e.g. HIV, malaria, and tuberculosis) is largely unknown, but a concern. Because half of all infants in LICs are born at home and many others are born in poorly staffed and poorly equipped clinics, such concerns are increased for infants delivered in these settings [28] .
Furthermore, although prenatal corticosteroid use has not been associated with long-term developmental impairment in HICs, there is concern that, even if neonatal mortality in LMICs is reduced by this intervention, the infants who survive may have a high risk of developmental handicap. This is of potential concern in areas where there is minimal support to care for preterm infants and those with impairment.
In summary, prenatal corticosteroid use is standard care in HICs for women at risk of preterm delivery. Furthermore, there is evidence that, in geographic areas with access to high-level neonatal care but with low rates of prenatal corticosteroid use, significant improvements in outcome associated with preterm birth could be achieved. There are no data regarding the efficacy or safety of prenatal corticosteroids in any LICs with or without access to high-level newborn care; thus, a number of important questions remain about scalingup the use of this intervention in these settings.
Considerations for corticosteroid use in low-income countries
The conference working group addressed a number of questions regarding the use of prenatal corticosteroids, especially in LICs. One of these questions was whether, based on available evidence, there were LIC settings in which prenatal corticosteroid use should be expanded at the present time. The group concluded that such use should not be based on whether the site was in an LIC, an MIC, or an HIC, but instead should be based on the level of care at the facility at which the delivery was to take place. The conference members agreed that the evidence of prenatal corticosteroid efficacy was sufficiently strong that hospitals providing a reasonable level of maternal care and high-level newborn care should use this treatment. There was also a consensus that the lack of evidence of prenatal corticosteroid efficacy and safety in geographic areas without high-level newborn care for preterm infants did not support its use.
Programmatic considerations for prenatal corticosteroids in low-income countries
Prenatal corticosteroids were introduced more than 10 years ago in tertiary hospitals in several LICs, including Nepal, Kenya, Uganda, and Tanzania. Current prenatal corticosteroid availability/usage has not been well tracked but is estimated to be less than 5% of eligible women [29] . Considering the working group's conclusions regarding efficacy and the very low use of prenatal corticosteroids in many LMIC hospitals (even those with high-level newborn care), the first programmatic priority is to increase the appropriate use of this intervention in these hospitals. Programmatic issues related to increasing use in hospitals with high-level newborn care could be considered by a number of levels, including those related to international agencies, national programs, health systems, and hospitals, and at the community level with the women themselves. At the global level, the group recommended the engagement of organizations such as World Health Organization (WHO), United Nations Population Fund (UNFPA), and International Federation of Gynecology and Obstetrics (FIGO) to review existing guidelines and develop a joint statement on the use of prenatal corticosteroids. Furthermore, a landscape analysis of countries that either used or were poised to introduce and/or expand use of prenatal corticosteroids was recommended. The previously mentioned international health and donor agencies could, for example, establish guidelines for prenatal corticosteroid use, recommend appropriate formulations, and provide support for countries that adopt those guidelines. At the country level, after assessing the current situation regarding prenatal corticosteroid utilization and associated barriers in health facilities, guidelines for use of the intervention could be developed and a formulation could be chosen, approved for obstetric use, and made widely available through public and private pharmacies. Countries could also identify, and perhaps expand, the types of providers who can determine the need for treatment and administer prenatal corticosteroid injections. From the health system perspective, hiring and/or training skilled birth attendants who can identify women at risk of preterm births, who have knowledge regarding appropriate timing and use of prenatal corticosteroids, and who can refer mothers to higher levels of care is required for effective scale-up of prenatal corticosteroid use. Developing or supporting policies and mechanisms to transport women at risk of preterm delivery to hospitals with prenatal corticosteroids would also be important.
At hospitals where prenatal corticosteroid use is considered appropriate, several programmatic questions also arise. The most important is how to increase prenatal corticosteroid use, including training of providers, maintenance of the supply chain, and making sure that the treatment can be administered in a timely manner. There are also a number of crucial issues in communities where the majority of births and related care occur in home settings: for example, how to engage mothers who intend to deliver at home and their caregivers to identify early signs of preterm labor, and to encourage families to seek care at hospitals that provide prenatal corticosteroids and newborn care. Including the community will be important for the success of most strategies aimed at addressing preterm birth in LMICs. Although programmatic strategies to increase prenatal corticosteroid use in LMIC hospitals will differ by country (middle-income versus low-income) and health system, a concerted effort at multiple levels will be required to increase its use substantially in most areas. If prenatal corticosteroids proved to be safe and effective in LIC settings beyond hospitals with high-level newborn care, several other programmatic issues would arise that may impact their availability and use in those settings.
Research questions in low-and middle-income countries
As noted, there is a clear consensus about the efficacy of prenatal corticosteroid use for women at 24-34 weeks in reducing the risk of neonatal RDS and mortality in HICs and MICs with access to high levels of neonatal care. Research questions in these settings relate to extending the criteria for prenatal corticosteroid use to earlier and later gestational ages and for use among women undergoing cesarean at later gestational ages. For example, prenatal corticosteroids are being evaluated for infants born between 34 and 38 weeks (e.g. ClinicalTrials.gov-registered NCT00675246). Evidence of efficacy in infants born at 34-38 weeks is especially important in LICs, where mortality among such infants remains high. If prenatal corticosteroids were found to be effective beyond 34 weeks, it would make it easier to use them in LICs, where determination of gestational age is often problematic. Additionally, it has not been firmly established whether prenatal corticosteroid use among women undergoing cesarean at later gestational age is beneficial (e.g. Clinical Trials.gov-registered NCT00446953). With the increasing prevalence of cesarean delivery worldwide, this evidence may be especially important. Finally, research should be conducted to define the most efficacious prenatal corticosteroid preparation.
Research questions also remain regarding the efficacy of prenatal corticosteroids in LMIC settings, in which basic newborn care may be limited, high-level newborn care is often not available, and the infection burden may be high. The infants benefitting from prenatal corticosteroids, especially in LICs, may differ with regard to location of care, provider skills, and gestational age from those in HICs, so rethinking the target population for prenatal corticosteroid use in LICs is important.
The safety of prenatal corticosteroids for both the mother and the fetus has been well demonstrated in HICs. However, in LICs-where poor hygiene and potential delays in the recognition and treatment of maternal and neonatal infections are significant concerns-the use of this intervention may not have the same safety profile. Determining whether its use increases susceptibility to maternal and neonatal infections in LIC settings, especially where there is inadequate maternal and newborn care, is crucial prior to widespread introduction of the intervention.
Little is known about effective strategies to provide high coverage of prenatal corticosteroids to women in LICs, although initial expansion of use through tertiary, secondary, and primary health facilities seems the most likely delivery strategy. The use of communitybased strategies to identify and treat women who have limited access to and/or frequent delays in reaching health facilities would also be crucial in settings in which home delivery is predominant. A trial is currently underway to evaluate the impact of prenatal corticosteroids in community-based settings in 6 LMICs with varying levels of coverage (ClinicalTrials.gov-registered NCT01084096). Finally, there is little information regarding the required supportive neonatal care for preterm infants. For example, kangaroo (skin-to-skin) care has been suggested as an alternate method for providing warmth and support for preterm newborns when high-level care is unavailable, but its efficacy for reducing neonatal mortality and morbidity in conjunction with prenatal corticosteroids has not been demonstrated.
Because increased coverage of prenatal corticosteroid use in LMICs was recommended, a conference subcommittee also met to review potential considerations in monitoring and evaluation of the intervention in these settings. For settings with low coverage, the group recognized that a phased approach to scaling-up use of prenatal corticosteroids would likely be required, which would enable evaluation of the effect of the introduction/expansion of prenatal corticosteroids. Issues to be addressed might include: availability of prenatal corticosteroids at clinics and hospitals; authorization for providers to use prenatal corticosteroids at home, clinics, and hospitals; number of pregnant women admitted to hospitals and clinics, and gestational age at delivery (best obstetric estimate); rates of prenatal corticosteroid use at hospitals and clinics; and outcomes for mothers, fetuses, and infants with prenatal corticosteroid use. The amount of data collected and the method of collection would need to be tailored to local settings; however, the primary goal would be to include mechanisms to evaluate the safety and efficacy of prenatal corticosteroid use in settings in which it is newly introduced or expanded. Rates of use, as well as important outcomes such as mortality and RDS, should be evaluated over time. To evaluate the effectiveness of this intervention, these outcomes should be assessed in comparison sites at which prenatal corticosteroids have not yet been introduced.
Conclusion
In HICs and some MICs, prenatal corticosteroids effectively reduce neonatal mortality and RDS associated with preterm birth (at 24-34 weeks). Some questions remain regarding the optimal timing and preparation of use, in addition to the potential for use among certain subpopulations of women. In LICs with referral facilities providing high-level newborn care, prenatal corticosteroids should reduce neonatal mortality and morbidity associated with preterm birth. Studies in MICs have indicated that the size of the effect may be greater in areas with higher mortality rates and where late preterm deliveries account for a high proportion of deaths. However, prenatal corticosteroids have not been tested in LIC settings without highlevel neonatal care. Furthermore, for births that occur in the community (i.e. in a health center or at home), there are no data to evaluate the impact of prenatal corticosteroid use. Because this intervention transiently suppresses the immune response, there are potential risks to the use of prenatal corticosteroids in settings with high rates of maternal and neonatal infections.
Based on the review by the conference members, the best opportunity to reduce neonatal mortality in LMICs through use of prenatal corticosteroids is through promoting the use of this intervention in health facilities with high-level neonatal care, where current rates of availability and use are low. In these settings, ensuring that health providers are trained on prenatal corticosteroid usage, that prenatal corticosteroids are routinely available, and that all eligible women receive timely administration would be important first steps in reducing neonatal mortality and morbidity associated with preterm birth.
